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10 BACKGROUND OF THE INVENTION . 
Field of the Invention 

The present invention relates to a porous 
material and a production process thereof. 
Related Background Art 

15 Much attention has recently been paid to 

microstructures as functional materials. Techniques 
for. producing such microstructures include a 
technique for directly manufacturing a microstructure 
by semiconductor processing technology typified by 



2 0 pattern forming technology such as photolithography 
(refer to JP 5-55545 A) . 



self-organization phenomenon or self -formation 
2 5 phenomenon of a material. That is, a novel 

microstructure is to be realized based on a naturally 
formed regular structure. 



Besides the above semiconductor processing 



technology, there is a technique making use of the 
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SUMMARY OF THE INVENTION 

Since the technique making use of the self- 
organization or self -f ormation phenomenon has the 
potential of realising not only a micron-scale 
5 structure^but also a nano-scale structure, iriany /j^i^W 
researches have boon mado on the tc^lniiqu^ . . However, ^^^^ 
it cannot be said that the technique has been 
completely established, and provision of -a novel 
microstructure and the establishment of its 

aJU miM 

10 production process kavo doqj i desired* 

It is therefore an object of the present 

invention to provide a novel structure and a 

production process thereof. 

According to an aspect of the present invention, 
15 there is provided a porous material comprising a 

plurality of columnar pores and an area that 

surrounds the pores, wherein- the area is an 

amorphous area containing C, Si, Ge or a combination 

thereof. 

20 it is preferable that the columnar pores are 

substantially unbranched. 

It is preferable that the average interval 
between the centers of adjacent pores is 30 nm or 
less, and that the diameter of each of the columnar 
25 pores is 20 nm or less. 

Further, it is preferable that the plurality of 
pores have substantially the same depth direction. 
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Note that the area may contain aluminum. 

Note that when the porous material is formed on 
a substrate, there is obtained a porous material in 
which the depth directions of the columnar pores are 
5 substantially perpendicular to the substrate. 

Further, according to another aspect the 
present invention, there is provided a porous 
material obtained by removing a first material from a 
structure including the first material and a second 
10 material, wherein the structure has columnar members 
containing the first material and surrounded by an 
amorphous area containing the second material, and 
that the structure contains the second material in an 
amount of 2 0 to 70 atomic% based on the total amount 
15 of the first material and the second material. 

The first material is aluminum, for example. 
The second material is, for example, Si, Ge, SiGe, C 
or a combination thereof. . 

Further, according to another aspect of the 
20 present invention, there is provided a process for 

producing a porous material comprising the steps of: 
preparing a structure which contains a first material 
and a second material and has columnar members 
containing the first material and surrounded by an 
25 area containing the second material; and removing the 
columnar members from the structure. 

Here, it is preferable that the structure 
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contains the second material in an amount of 20 to 70 
atomic% based on the total amount of the first 
material and the second material . 

The diameters of -pores formed by the removing 
5 step may be cxpaiidcr tt after the removing step. 

Further, according to another aspect of the 
present invention, there is provided a process for 
producing a porous material comprising the steps of: 
preparing a structure which contains aluminum and 
10 silicon, has columnar members containing aluminujn and 
a silicon area surrounding the columnar members, and 
contains silicon in an amount of 20 to 70 atomic% 
based on the total amount of aluminum and silicon; 
and removing the columnar members from the structure. 
15 The silicon area may contain germanium. 

The use of the above porous material permits 
provision of a filter or a mask. 

Further, according to yet another aspect of the 
present invention, there is provided a porous 
20 material having columnar pores and an area 

surrounding the pores^ wherein the average diameter of 
the. pores is 20 nm or less and the average interval 
between the pores is 30 nm or less. 

Further, according to still another aspect of 
25 the present invention, there is provided a process 

for producing a porous material comprising the steps 
of: preparing a structure which contains a first 
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material and a second material and has columnar- 
members containing the first material and surrounded 
. by an area containing the second material, and which 
contains the second material in an amount of 20 to 70 
5 atomic! based on the total amount of the first 

material and the second material; and removing the 
columnar members from the structure. 

According to . still another aspect of the 
present invention, there is provided a porous 

10 material comprising columnar pores and an area 

surrounding the pores, in which a first material (for 
example, aluminum) is contained in the area in an 
amount of 1 to 20% based on the total amount of the 
first material and a second material. The unit — i« 

15 atomic! . 

The above amount is the amount of aluminum 
contained in a Si porous material when the first 
material is aluminum and the second material is 
silicon. Tbp^n^nnh does not include the amount of 

20 oxygen contained in the porous material. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1A and IB are schematic diagrams of a 
porous material according, to the present invention; 
25 Figs. 2A, 2B and 2C are diagrams for explaining 

an example of a process for producing a porous 
material according to the present invention; 
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Fig. 3 is a diagram for explaining an example 
. of a process for producing a porous material 
according to the present invention; 

Figs* 4A, 4B, 4C and 4D are diagrams for 
5 explaining an example of a process for producing a 
porous material according to the present invention; 

Fig. 5 is a schematic diagram showing a film 
forming process for the structure of the present 
invention; and 
10 Fig. 6 is a schematic diagram of a porous 

material according to the present invention. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention will^be described in 
15 detail horoinund©^ . * * 

description is £irafe given of a structure 
^ /»p plioable> 4 fo the present invention. 

(1) Structure applicable*/^ the present invention 
The structure applicable present 
20 invention includes .a^first material and a second 



material, in which^ coTumnar members containing the 
first material are surrounded by an area containing 
the second material^ sxtd r^fhe second material 4r© 
ou uLainca in the structure i n n an/^unfc ttE 20 to 70 
25 atomic% ba^Q on the total amount of the first 

material and the second material. A porous material 
according to the present invention is obtained by 



) 
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removing the above columnar members from this 

structure. When the porous material is left in an 

atmosphere including oxygen air, an oxide area 

//I 

is readily formed on the surface layer (the surface 
5 of a film or the wall of each pore) of the porous 
material. 

The above amount refers to the amount of the 
second material based on the total amount of the 
first material and the second material forming the 

10 structure. It is preferably 25 to 65 atomic%, more 
preferably 30 to 60 atomic% . 

(^^substantially columnar form needs to be 
obtained, the second material may be contained as a 
component of the columnar members, and the first 

15 mat^i^jal (for example, aluminum^as will be described 
fa n r oS n a f t o a& ) may be contained in the above area. 
Oxygen, argon and the like may be contained in the 
above columnar members and the area surrounding the 
members. 

20 The above amount is determined, for example, by 

inductiye coupled plasma emission spectral analysis. 
The unit of atomic% is used. When the unit of wt% is 
used, 20 to 70 atomic% is equivalent to 20.65 to 
.70.84 wt% (the atomic weight of Al is 2 6.982 and the 
25 atomic weight of Si is 28.086). 

Examples of the first material include Al, Au, 
Ag and Mg. Examples of the second material include 
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Si, Ge, Si x Gei- x and C. The second material is 
particula ^Ly preferably a material which can be 
amorphous. The first material and the second 
material are preferably ^^material^ (so-called 
5 eutectic materia]^ having ap* eutectic temperature in 
the phase diagrams o components. The 

eutectic temperature is 300°C or higher, preferably 
4 00°C or higher. A eutectoid material may also be 
used. A preferred combination of the first material 

10 and the second material includes that in which Al is 
used as the first material and Si is used as the 
second material, in which Al is used as the first 
material and Ge is used as the second material, or in 
which Al is used as the first material and Si x Gei- x (0 

15 < x. < l) is used as the second material. The amount 
of the first material (for example, aluminum) 
contained in the above area- forming the above porous 
material is preferably 1 to 20 atomic% . This amount 
refers to the amount of aluminum contained in the Si 

20 porous material when the first material is aluminum 

and the second material is silicon. This amount does 
not include the amount of oxygen contained in the 
porous material. 

The area surrounding the above columnar members 

25 is desirably amorphous. 

The plane form of each columnar member is 
circular or oval . 
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The above structure has a plurality of the 
above columnar members dispersed in a matrix 
containing the second material. The size (diameter 
when the plane form is circular) of each columnar 
5 member can be controlled mainly by the composition 
(that is, the amount of the second material) of the 
above structure. The average diameter of the 
columnar members is 0.5 to 50 nm, preferably 0.5 to 
20 nm, more preferably 0.5 to 10 nm. The diameter is 

10 represented by 2r in Fig. IB. When the plane form is 
oval or the like, the longest outer diameter needs to 
be within the above range. The average diameter is 
obtained from the actual SEM photo (about 100 nm * 
100 nm) of the columnar portions directly or after 

15 processing the image w - ith ya computer. The lower 

limit of the average diameter, which depends on which 



device the above structure is used for or whiuh. 

pLrnr.ft.q siny is mari^ on. the structure, is 1. nm or 

A 

several nanometers from the viewpoint of practical 
20 use . 

The interval 2R between the centers of adjacent 
columnar members (Fig. IB) is 2 to 30 nm, preferably 
5 to 20 nm, more preferably 5 to 15 nm. £t is — » 
^ needl e ^^ -t-r> ony fhn^ |:he lower limit of the interval 
25 2R must be such that the columnar members do not 
contact w.i each other. 

Preferably, the above pore diameter is 20 nm or 
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less and the interval between the centers of adjacent 
pores is 30 run or less. 

The above structure is preferably a film-like 
structure. In this case, the above columnar members 
5 are dispersed in the matrix containing the second 

material in such a manner that they are substantially 
perpendicular to the plane direction of the film. 
The thickness of the film-like structure is not 

particularly limited^ but^'suitably 1 nm to 100 |xm. In 

10 consideration of the process time and the like, the 

— s 

practical thickness of the film is 1 nm to 1 pm. It 
is preferred that even when the thickness of the film 
is 300 nm or more, columnar structures be maintained. 
The columnar members are columnar structures having 

15 substantially no branches in the thickness direction. 

The above structure is preferably a film-like 
structure and may be formed on a substrate. The 
substrate is not particularly limited. Examples of 
the substrate include insulating substrates made from 

20 quartz glass or the like ,^ silicon substrate, 

semiconductor substrates made from gallium arsenide 
or indium phosphide, metal substrates made from 
aluminum or the like, and flexible substrates (made 
f romy^polyimide resin or the like) as support members 

25 on which the above structure can be formed. The 
above columnar members are f ormedyjsubstantially 
perpendicular to the substrate. 
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The above structure can be manufactured by 
using a process for forming a film under a non- 
equilibrium condition. The above film forming 
process is preferably sputtering^ but any film forming 
process for forming a substance under a non- 
equilibrium condition can be used, such as resistance 

heating deposition, electron beam deposition (EB 

Vor~ 

deposition) or ion plating. Whufl sputtering ic uood, 
magnetron sputtering, RF sputtering, EQR sputtering 



10 or DC sputtering may be used. Whon" uputtei ' iny is (j£j££} 
u sod , film formation can be carried out by setting 
the inside pressure of a reactor to 0.2 to 1 Pa in an 
argon atmosphere. For sputtering, the above first- 
material and second material may be prepared 

15 separately as target raw materials, or a target 
material obtained by baking in advance the first 
material and the second material at a desired ratio . 
may be used. Sputtering is preferably carried out 
•fcnke conditioif, that plasma does not substantially 

20 contact \ i* a_th » a substrate from which the above 
structure grows . 

The above structure is desirably formed on the 
substrate at a substrate temperature of 20 to 300°C, 
preferably 20 to 200°C, more preferably 100 to 150°C. 

25 A porous material having a plurality of 

columnar pores is formed by removing (wet etching or 
dry etching) the above columnar members from the 
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above structure. . Etching is used to selectively 
remove the columnar members, and the etchant is 
preferably an acid^such as phosphoric acid, sulfuric 
acid, hydrochloric acid or nitric acid. The pores of 
5 the porous material formed by removing the columnar 

members are preferably not connected to one another 

ML ' 

but^ independent from onu anuLh u L . The plurality of 

the formed pores have the same depth direction. 
When the porous material is exposed to an 

10 atmosphere (liquid or gas) containing oxygen, an 

oxide area is readily formed on the wall of each pore, 
Therefore, an oxide area may be positively formed on 
the wall of each pore of the porous material. 
(2) A description is subsequently g ive n of the 

15 ratio of the first material (forming the columnar 
members) to the second material (forming the area 
surrounding, the columnar members) in the structure 
applicable^-Lo the present invention. 

The reason why the porous material of the 

20 present invention can be provided is that the 

following structure could be obtained by intensive 
efforts made by the inventors of the present 
invention. 

An aluminum-silicon mixed film which contained 
25 silicon in an amount of 55 atomic% based on the total 
amount of aluminum and silicon was formed on a glass 
substrate 11 to a thickness of about 200 run by RF 
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magnetron sputtering. As shown in Fig . 5, a 4-inch 

aluminum target having eight 15. nun-square silicon 

chips 13. mounted thereon was used as a target. As 

for sputtering conditions, an RF power source was 

5 used, the flow rate of Ar was 50 seem, the discharge 

pressure was 0.7 Pa, and the input power was 1 kW. 

The substrate temperature was room temperature. 

. ,The aluminum target as the target 12 had eight 

silicon chips 13 mounted thereon. The number of 

10 silicon chips is not limited to 8 and may change 

according to sputtering conditions if the c ontent of ■ 
OOfrfahf 

sxlicor^in the aluminum-silicon mixed film is about 
4 ' 55 atomic! . The target is not limited to an aluminum 

target having silicon chips mounted thereon and may 
15 be a silicon target having aluminum chips mounted 

thereon or a target obtained by sintering silicon and 

aluminum powders. 

The thus obtained aluminum-silicon mixed film 

was analyzed by ICP (inductive coupled plasma 
20 emission spectral analysis) to measure the amount 

(atomic!) of silicon based on the total amount of , 

silicon and aluminum. As a result, the amount of 

silicon was about 55 atomic! based on the total 

amount of silicon and aluminum. For the convenience 
25 of measurement, an aluminum-silicon mixed film 

deposited on a carbon substrate was used as a 

substrate. 
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The aluminum-silicon mixed film was observed 
through an FE-SEM (field emission scanning electron 
microscope) . Circular aluminum nano-structures 
surrounded by silicon were arranged two-dimensionally . 
5 The diameter of each aluminum nano-structure portion 
was 3 nm and the average interval between the centers 
of adjacent nano-structure portions was 7 nm. When 
the section of each nano-structure portion was 
observed through FE-SEM, the height thereof was 200 

10 nm. and the aluminum nano-structure portions were 
independent from one another. 

When this specimen was observed by an X-ray 
diffraction method, a peak showing the crystallinity 
of silicon could not be observed and silicon was 

15 amorphous. A plurality of peaks showing the 

crystallinity of aluminum could be seen, which means 
that at leastyjpart of aluminum wasyjpolycrystal . 

Accordingly, an aluminum silicon nano-structure 
containing aluminum nano-cylinder surrounded by 

20 silicon and having an interval 2R of 7 nm, a diameter 
2r of 3 nm and a height L of 200 nm could be 
manufactured. 

Thus, the inventors of the present invention 
have found that an aluminum-silicon nanostructure 

25 having aluminum nano-structure^ such as aluminum 

quantum dots or aluminum quantum wires having a scale 
of several nanometers in a silicon matrix on the 
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surface of a substrate is rnanuf actured by forming an 
aluminum-silicon mixed film in accordance with a film 
forming process for forming a substance under a non- 
. equilibrium condition, such as sputtering. 
5 Comparative Example 

As a comparative specimen A, an aluminum- 
silicon mixed film which contained 15 atomic% of 
silicon based on the total amount of aluminum and 
silicon was formed on a glass substrate to a 
10 thickness of about 200 ran by sputtering- A 4-inch 

aluminum target having two 15 mm-square silicon chips 
13 mounted thereon was used as a target. As for 
sputtering conditions, an RF power source was used, 
the flow rate of Ar was 50 seem, the discharge 
15 pressure was 0.7 Pa, and the input power was 1 kW. 
The substrate temperature was room temperature. 

The comparative specimen A was observed through 
FE-SEM (field emission scanning electron microscope) . 
When the surface of the specimen was seen from above 
20 the substrate, aluminum portions were not circular 

and were continuously connected to one another. That 
is, a microstructure in which aluminum columnar 
structures were uniformly dispersed in a silicon area 
was not obtained. The size of each aluminum columnar 
25 structure was much larger than 10 nm. When the 

section of the structure was observed through FE-SEM, 
the width of the aluminum portion was larger than 15 
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nin. The thus obtained a 1 umi n urn- silicon mixed film 
was analyzed by IGP (inductive coupled plasma 
emission spectral analysis) to measure the amount 
(atomic!) of silicon based on the total amount of 
5 aluminum and silicon. As a result, the amount of 
silicon was about 15 atomic! based on the total of 
aluminum and silicon. 

Further, an aluminum-silicon mixed film 
containing silicon in v an amount of 75 atomic! based 

10 on the total amount of aluminum and. silicon was 

formed on a glass substrate to a thickness of about 
200 nm by sputtering as a comparative specimen B. A 
4-inch aluminum target having fourteen 15 mm-square 
silicon chips 13 mounted thereon was used as a target 

15 As for sputtering conditions, an RF power source was 
used, the flow rate of Ar was 50 seem, the discharge 
pressure was 0.7 Pa, and the input power was 1 kW. 
The substrate temperature was room temperature. 

The comparative specimen B was observed through 

20 FE-SEM (field emission scanning electron microscope) . 
When the surface of the specimen was o^en from above 
the substrate, aluminum portions could not be 
observed. Even when the section of the specimen was 
observed through. FE-SEM, the aluminum portions could 

25 not be clearly observed. The thus obtained aluminum- 
silicon mixed film was analyzed by ICP (inductive 
coupled plasma emission spectral analysis) to measure 
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the amount (atomic!) of silicon based on the total 
amount of silicon and aluminum. As a result, the 
amount of silicon was about 75 atomic! based on the 
total amount of silicon and aluminum. 

Specimens which contained silicon in amounts of 
20 atomic!, 35 atomic%, 50 atomic!, 60 atomic% and 70 
atomic% based on the total amount of silicon and 
aluminum were manufactured in the same manner as the 
comparative specimen A t except that the number of 
silicon chips was changed .^pymbol "o'< indicates that 
a microstructure in which aluminum columnar 



structures were dispersed in a silicon area was 
obtained and xx x" indicates that such a microstructure 
was not obtained. The amount of silicon is 
15 preferably 30 to 60 atomic! in terms of the 

uniformity of the columnar structures. When the 
amount of silicon is 65 or 70 atomic!, aluminum had 
low crystallinity and was almost amorphous . 
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Table 1 



Amount of silicon 
(atomic% ) 


^icrostructure 


15 ( comparative 
specimen A) 


X 


20 


o 


25 


o 


35 


o 


50 


o 


55 


o 


60 


o 


65 


o 


70 


o 


75 (Comparative 
specimen B) 


X 



10 



A structure in which aluminum columnar 
structures are dispersed in a silicon area can be 



rf?nlTaod by adjusting the amount of silicon to 20 to 
70 atomic! based on the total of aluminum and silicon. 
By changing the ratio of aluminum and silicon, the 
diameter of each columnar structure can be controlled, 
thereby making it possible to manufacture^ alumimim 
fehin . wires having high li near i ty > TEM (transmission 
electron microscope) may be used besides SEM to 
identify the structure. 



19 - 



Further, an aluminum-silicon mixed film 
containing silicon in an amount of 55 atomic% based 
on the total, amount of silicon and aluminum was 
formed ori a glass substrate to a thickness of about 
5 200 nm by sputtering as a comparative specimen C. A 
4-inch aluminum target having eight 15 mm-square 
silicon chips 13 mounted thereon was used as the 
target. As for sputtering conditions, an RF power 
source was used, the* flow rate of Ar was 50 seem, the 

10 discharge pressure was 0.7 Pa, and the input power 
was 1 kW. The substrate temperature was 350 °C. 

The comparative specimen C was observed through 
FE-SEM (field emission scanning electron microscope) . 
When the surface of the specimen was ^uj i uum a-uovr £j£JL? 

15 the substrate, large aluminum blocks could be 



It was confirmed by X-ray diffraction measurement 
that silicon was crystallized. That is, columnar 
aluminum nano-structures could not be identified and 
the silicon area was not amorphous but crystallized. 

2 0 That is, when the substrate temperature is too high, 
film growth for forming the above aluminum nano- 
structures is impossible^ because aluminum curno intc/ h^G&HJP 0 ' 
-a- more stable <&fca ri fcr». 

In order to obtain a structure having columnar 

25 members dispersed therein, it is preferred to set the 
Al/Si ratio of the target to 55:45. 

The case where aluminum was used as the first 
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material and silicon was used as the second material 
has been described. The same result was obtained 
when the above-described materials^which can be used 
as the first or second materia^ were used. 
5 The porous material and the production process 

thereof according to the present invention making use 
■ of the above structure will be described hcrGinundor . 
(3) Jporous Material of the present Invention 

The porous material of the present invention 
10 has a plurality of columnar pores and an area 

surrounding the pores. The area is an amorphous area 
containing C, Si, Ge or a, combination thereof . 

In Fig. 1A, reference numeral 1 denotes a 
plurality of columnar pores; and 2, an area 
15 surrounding them (formed from C, Si, Ge or a 

combination thereof). Denoted by reference numeral 3 
is a substj^Le^ i?la . IB is a schem atic sectional 

/* s o\o**r ■ ^ 

view (cut -eft broken line IB-IB in F ig. lApof the 

porous material^ 
20 As shown in Fig. IB, according to the present 

invention, a porous material having substantially t 

unbranched pores is obtained. As nhvi ous — f ron» Fig. 

IB, the pores are independent from one another and 

perpendicular or almost perpendicular to the film 
25 surface (or substrate) . 

According to the present invention, the average 

interval between the centers of adjacent pores (2R in 
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Fig. IB) can be set to 30 ran or less and the average 
diameter of the columnar pores can be set to 20 nm or 
less (2r in Fig. IB) . Preferably, the pore diameter 
2r is 0.5 to 15 nm, and the interval 2R between the 
5 centers of adjacent pores is 5 to 20 nm. The length 
L is 0.5 nm to several micrometers, preferably 2 nm 

to 5 pm. The average diameter of the pores means the 
average diameter of long axes obtained by processing 
(picking out) an image of. pores observed from the 

10 actual SEM photo (about 100 nm x 100 nm) wi£k*a 
computer and analyzing the image based on the 
assumption that the pores are oval. 

The pores in the porous material of the present 
invention can be directly connected to the substrate 

15 as shown in Fig. IB. The present invention is not 

limited to this]: and the pores may not -be- connected to 
the substrate. 

The area 2 forming the porous material of the 
present invention contains the second material as the 

20 main component j but it may contain other elements^such 
as aluminum (Al) , oxygen (O) and argon (Ar) in an 
amount of several to several tens of atomic% . In 
particular, when a columnar member containing the 
above first material^ such as aluminum^ is present at a 

25 position where a columnar pore is present, aluminum 

and the like are present in the porous material. The 
concentration of the first material forming the 
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columnar members is high near the wail surface of 
each pore of the porous material and low in the 
interior of the wall of the pore. That is, the first 
material contained in the porous material has a 
5 concentration distribution in the. plane direction. 
As a matter of course, when the dispersion of the 
first material^such as aluminum^ is promoted by heat 
treatment or the like, the concentration distribution 
of the first material is reduced. 
10 The porous material is amorphous near the wall 

surface and in the interior of the wall of each pore. 

Examples of the second material include C, Si, 
SiGe, Ge and a combination thereof. 

The structure of the area 2 forming the porous 
15 material of the present invention is amorphous and 

the form of the pore portion ; when scan "from above the 
substrate^ may be almost circular; as shown in Fig. 1A, 
ova 1^ or the like. 

The form of the pore portion forming the 
20 silicon porous material of the present invention. when 
■ soon from the section of the substrate^ may be 
rectangular as shown in Fig. IB, square, trapezoidal, 
or the like. 

Preferably, the plurality of pores have 
25 substantially the same depth direction. The above 
area 2 may contain aluminum. . 

According to the present invention, the aspect 
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ratio (length/diameter) or the ratio of the length of 
the pore to the diameter of the pore can be set to 
0.1 to 10,000/ 

The porous material of the present invention is 
5 characterized in that it is obtained by removing the 
first material from a structure containing the first 
material and the second material, the structure has 
columnar members containing the first material and 
surrounded by an amorphous area containing the second 
10 material, and the second material is contained in the 
structure in an amount of 20 to 70 atomic% based on . 
the total amount of the first material and the second 
material . . 

For example, the first material is aluminum, 
15 and the second material is Si, Ge, SiGe, C or a 
combination thereof. 

The silicon porous material of the present 
invention has pores BfeVring an average diameter of 2.0 
nm or less and an average interval of 30 rim or less 
2Q and^perpendicular or almost perpendicular to the film 
surface. The pores are columnar, have an aspect 
ratio (length/diameter) , which is the ratio of the 
length of the pore to the diameter of the pore, of 
0.1 to 10,000 and are separated from one another by 
25 the silicon area containing silicon as the main 
component . 

Fig. 1A and Fig. IB are schematic diagrams 
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showing an example of the porous material of the 
present invention. Fig. 1A is a schematic plan view 
showing that pores have an average diameter of 20 nm 
. or less and an average interval between the pores 
5 adjacent to each other is 30 nm or less, and the 
pores are independent from one another and are 
perpendicular or almost perpendicular to the film 
plane. Fig. IB is a schematic sectional view cut on 
broken line IB-IB of Fig. 1A of the porous material. 

10 In Fig. 1A and Fig. IB, reference numeral 1 denotes a 
pore (nano-hole) , 2 an area and 3 a substrate. 

The porous material of the present invention is 
composed of the pores 1 and the area 2.. The pores 
are separated from one another, independent from one 

15 another without being connected to one another and 
formed perpendicular or almost perpendicular to the 
substrate as shown in Fig. IB. 

The «lcdqT of each pore forming the porous 
material of the present invention is columnar as 

20 shown in Fig. IB. The diameter 2r (the average 

diameter of the pores^when coon from the film plane) 
of the pores is 20 nm or less, and the interval 2R 
between adjacent pores (the average interval between 
the centers of adjacent pores,wnen JO«L, the fil, 

25 plane), is 30 nm or less. Preferably, the pore 

diameter 2r is 0.5 to 15 nm and the interval 2R 
between the centers of adjacent pores is 5 to 20 nm. 
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The length L is 0.5 to several micrometers, 
preferably 2 nm to 5 pm. The average diameter of the 
pores means the average diameter of long axes 
obtained by processing (picking out) an image of pore 
5 portions, observed from the actual SEM photo (about 
100 nm x 70 nm) computer and analyzing the 

image based on the assumption that the pores are oval. 

The pores in the porous material can be 
directly connected to the substrate as shown in Fig. 
10 IB. The present invention is not limited to this. and 
the pores stay not be connected to the substrate. 

The area forming the porous material of the 
present invention contains silicon as the main 
component^ but it may contain other elements^ such as 
15 aluminum (Al), oxygen (O) and argon (Ar) in an amount 
of several to several tens of atomic! . 

The structure of the porous material of the 
present invention must be amorphous. The form of the 
pore portion forming the silicon porous material of 
20 the present invention ^when saaa from above the 

substrate^may be almost circular ^as shown in Fig. 1A, 
ovaljOr the like. 

The form of the pore portion forming the 

silicon porous material of the present invention when 

VIA*' 9 

25 , s<?eji from the section of the substrate^ may be 

rectangular yas shown in Fig. IB, square, trapezoidal, 
or the like. 
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The aspect ratio (length/diameter/^ which is the 
ratio of the length of the pore to the diameter of 
the pore, is 0.1 to 10,000, preferably 0.5 to 1,000. 

The present invention will described 
5 ^fiyiy'lubelo-w by specifying the materials. It is to be 
understood that the present invention is not limited 
to theAmaterials hp do&ejeaHped h^e^mmdajc 
(3-1) Silicon porous fttkterial 

A silicon porous material of the present 
10 invention is a silicon porous material having 

columnar pores and a silicon area surrounding the 
pores, in which the average diameter of the pores is 
20 rim or less, and the average interval between 
adjacent pores is 30 run or less. 

> 

15 Preferably, the above porous material is a 

film-like silicon porous material having columnar 
pores and a silicon area containing silicon, in which 
the pores are formed perpendicular or almost 
perpendicular to the film plane; the average diameter 

20 of the pores is 20 nm or less; the average interval 
between adjacent pores is 30 nm or less; the aspect 
ratio (length/diameter)^ which is the ratio of the 
length of the pore to the diameter of the pore^is 0.1 
to 10,000; and the pores are separated from one 

25 another by the silicon area containing silicon as the 
main component. An oxide film may be formed on the 
surface of the above silicon area. 
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Preferably, the average diameter of the pores 
is 1 to 15 nm, and the average interval between 
adjacent pores is 5 to 20 nm. 

The above silicon area preferably contains 
5 silicon in an amount of 80 atomic! or more . 7Af£ 
amount does not include the amount of oxygen. 

The above silicon area preferably contains at 

least silicon and aluminum. y 

OAS 

. . The above silicon is preferably^ amorphous 

10 silicon. 

(3-2) germanium porous Material 

A germanium porous material of the present 
invention is a germanium porous material having 
columnar pores and a germanium area surrounding the 

15 pores, in which the average diameter of the pores is 
20 nm or less, and the average interval between 
adjacent pores is 30 nm or less. 

Preferably, the above porous material is a 
film-like germanium porous material having columnar 

20 pores and a germanium area containing germanium as 
the main component, in which the pores are formed 
perpendicular or almost perpendicular to the film 
plane; the average diameter of the pores is 20 nm or 
less; the average interval between adjacent pores is 

25 30 nm or less; the aspect ratio (length/diameter)^ 

which is the ratio of the length of the pore to the 
diameter of the pore^is 0.1 to 10,000; and the pores 
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are separated from one another by the germanium area 
containing germanium. 

Preferably, the average diameter of the pores 
is 1 to 15 nm, and the average interval between 
5 adjacent pores is 5 to 20 nm. 

The above germanium area preferably contains 
germanium in an amount of 80 atomic% or more. Th$5 
amount does not include the amount of oxygen. 

The above germanium . area preferably contains at 
10 least germanium and aluminum. 

guy 

The above germanium is preferably^ amorphous 
germanium. 

(3-3) Silicon germanium Porous (Arterial 

A silicon germanium porous material of the 

15 present invention is a silicon germanium porous 
material having columnar pores and a silicon 
germanium area surrounding the pores, in which the 
average diameter of the pores is 20 nm or less; and 
the average interval between adjacent pores is 30 nm 

20 or less. 

Preferably, the above porous material is a 
film-like porous material having columnar pores and a 
silicon germanium area containing silicon germanium, 
in which the pores are formed perpendicular or almost 

25 perpendicular to the film plane; the average diameter 
of the pores is 20 nm or less; the average interval 
between adjacent pores is 30 nm or less; the aspect 



- 29 - 



ratio (length/diameter)^ which is the ratio of the 
length of the pore to the diameter of the pore^is 0.1 
to 10,000; and the pores are separated from one 
another by the silicon germanium area containing 
5 silicon germanium as the main component. 

Preferably, the average diameter of the pores 
is 1 to 15 nm, and the average interval between 
adjacent pores is 5 to 20 nm. 

The above silicon germanium area preferably 
10 contains silicon and germanium in a total amount of 
80 atomic% or more . Th^J amount does not include the 
amount of oxygen. 

The ratio of silicon (Si) to germanium (Ge) in 
the above silicon germanium area preferably satisfies 
15 0 < x < ]j when it is expressed as Si x Gei_ x . 

The above silicon germanium is preferably &4v 
amorphous silicon germanium. 

(4) porous jAfcterial production process of the 
present invention 
20 A porous material production process of the 

present invention includes the step of preparing a 
structure which contains a first material and a 
second material in which columnar members containing 
the first material are surrounded by an area 
25 containing the second material (Fig. 2A) and the step 
of removing the columnar members from the structure 
(Fig. 2B) . In Fig. 2A, Fig. 2B and Fig. 2C, 
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reference numeral 21 denotes the columnar member 
containing the first material; 24, the area 
surrounding the columnar members; 22, a substrate; 23, 
the structure; 25, a porous material; and 2 6, a pore. 
5 The second material is preferably contained in 

the structure in an amount of 2 0 to 70 atomic% based 
on the total amount of the first material and the 
second material. If a structure in which columnar 
structures arranged in a direction perpendicular to 

10 the substrate are dispersed in the area is obtained, 
the amount of the second material is not limited to 
the above value. In the present invention, it is 
important that the above structure be obtained by a 
combination of materials which enable the above 

15 columnar structures to be selectively removed from 
the structure . 

As shown in Fig. 2B, after the formation of the 
pores, the pores can be expanded as required (Fig. 
2C) . 

20 The above first material is, for example, 

aluminum or gold, and the second material is, for 
example, Si, SiGe, Ge, C or a combination thereof. 
Ao a mattcn ul — c^ui'jc^ ^"plurality of different 
materials may be combined. The same shall apply to 
25 the following description. 

In Fig. 3, the porous material production 
[ process of the present invention includes the 
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following steps (a) to (c) . 

Step (a) : preparing a first material (for example, ; 
aluminum) and a second material (for example, 
silicon) (Fig. 3A) .. 
5 Step (b) : forming a film from the above two materials 
on a substrate by using a film forming process for 
forming a substance under a non-equilibrium condition 
(Fig. 3B) . A structure obtained by the above process 
includes columnar members containing the first 

10 material and an area containing the second material 

•errrd surrounding the columnar members . Film formation 
is carried out to ensure that the second material is 
contained in an amount of 20 to 7 0 atomic! based on 
the total amount of the first material and the second 

15 material in order, to obtain a structure having 
columnar members dispersed therein. 
Step (c) : forming pores by removing the columnar 
members from the obtained structure (Fig. 3C) . When 
wet etching is carried out with an acid or alkali^ 

20 which can dissolve the first material more easily 

than the second material, the columnar members formed 
mainly from the first material are removed to. form 
pores . 

As for the removal of the above columnar 
25 members by etching or the like, substantially the 

columnar members may be selectively removed, but the 
columnar members do not need to be removed the 
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entire length in the depth direction. 

Following the above step (c)> wet etching with 
an acid or alkali which dissolves the second material 
may be carried out to increase the diameters of the 
5 formed pores. 

A < dc?ooripti.on ic cubO ' Oqucmtly yi uf L * m 1 
process for producing a porous .material according to 
the present invention^itore^rence to the drawings. 

Fig. 4A, Fig. 4B, Fig. 4C and Fig. 4D are 
10 diagrams for explaining the process for producing a 
porous material according to the present invention. 
The process will be described in the order of the 
steps (a) to (d) of Fig. 4A, Fig. 4B, Fig. 4C and Fig. 
4D. 

i5 The following steps (a) to (d) correspond to 

Fig. 4A, Fig. 4B, Fig. 4C and Fig. 4D, respectively. 
Step (a) : preparing a first material (for example, 
aluminum) and a second material (for example, 
silicon) in a film forming apparatus. 

20 As shown in Fig. 5, for example, chips 13 made 

from the second material (for example, silicon) are 
mounted on a target 12 (substrate) made from the 
first material (for example, aluminum) . 
Step (b) : formation of a structure 

25 The structure 23 is formed on the substrate 22 

by a film forming process. Sputtering is used as the 
film forming process for forming a substance under a 
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non-equilibrium condition. 

The structure 23 is formed on the substrate 22 

by magnetron sputtering ^which is the film forming 

process for forming a substance under a non- 

5 equilibrium condition. The structure 23 is composed 

of columnar members 21 containing the first material 

as the main component and an area 24 L surrounding the 

S 

columnar members 21 and containing the second 
material as the main component. 

10 With reference to Fig. 5, the process for 

forming a structure according to the present 
invention using sputtering as the process for forming 
a film under a non-equilibrium condition will be 
described neroi nundor . 

15 In Fig. 5, reference numeral 11 denotes a 

substrate and 12 a sputtering target containing the 
first material. When sputtering is used, the ratio 
of the first material to the second material can be 
easily changed. 

20 As shown in Fig. 5, the structure is formed on 

the substrate 11 by magnetron sputtering ^which is the 
film forming process for forming a substance under a 
non-equilibrium condition. 

The second material and the first material^ as 

25 raw materials ^can be prepared by placing chips 13 

made from the second material on the target substrate 
12 containing the. first material^ as shown in Fig. 5. 
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in tig. 5, a plurality of chips «ntre mou-nyed^ but the 
present invention is not limited to this". One chip 
may be mounted on the target if desired film 
formation is possible. To disperse columnar members 
5 in the area 2 4 uniformly, the chips must be arranged 
on the substrate 12 symmetrically. 

A sintered product manufactured by baking 
predetermined amounts of the first material powders 
(for example, aluminum) and the second material 

10 powders (for example, silicon) may be used as a 
target material for film formation. 

For instance, an aluminum target and a silicon 
target may be separately prepared and both targets 
may be sputtered at the same time. 

15 The amount of the second material contained in 

the formed film is 20 to 70 atomic!, preferably 25 to 
65 atomic!, more preferably 30 to 60 atomic! based on 
the total amount of the first material and the second 
material. When the amount of the second material is 

20 within the above range, a structure having the 

columnar members dispersed in the area 24 is obtained. 

"Atomic!" indicating the above proportion shows 
the proportion of the second material (for example, 
silicon) to the first material (for example, 

25 aluminum) in terms of the number of atoms, also 

expressed as "atom!" or "at%"jand a value obtained by 
quantitatively analyzing the amounts of the two 
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materials in the structure by inductive coupled 
plasma emission spectral analysis (ICP) ... 

"Atomic%" is used as the unit for expressing 
the above proportion* When wt% is used as the unit 
5 and the amount of silicon is 20 to 70 atomic%, it is 
20.65 to 70.84 wt% (conversion from atomic! into wt% 
is carried out by obtaining the weight ratio of Al to 
Si on the basis that the atomic weight of Al is 
26.982 and the atomic weight of Si is 28.086 and then 
10 multiplying the obtained weight ratio by the atomic% 
value) . 

The substrate temperature is 300 b C or lower, 
preferably 200°C or lower. 

When the above structure is formed by the above 
15 process, the first material and the second material 
become a metas table eutectic structure, whereby the 
first material forms nano-structures as large as 
several nanometers (pillar-like members) in the 
matrix formed from the second material and separates 
2 0 av^mjf ' to its self -organization phenomenon. The 
pillar-like members are almost columnar with a 
diameter of 1 to 20 nm and an interval of 5 to 30 nm. 

The amount of the second material contained in 
the structure can be controlled by changing the 
2 5 amount of chips mounted on the target made from the 
first material. 

When film formation is carried out under a non- 
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equilibrium condition, in the case of sputtering in 
particular, the inside pressure of a reactor is 0.2 
to 1 Pa, preferably 0.1 to 1 Pajwhen argon gas is 
blown. The output for forming plasma is preferably 
about 150 to 1,000 W for a 4-inch target. However, 
the present invention is not limited to. these. Any 



pressure and output are acceptable^rf argon plasma is 
stably formed. 

Examples of the substrate include insulating 
substrates jsuch as quartz glass and plastic 
substrates; semiconductor substrates^ such as silicon 
and gallium arsenide substrates; metal substrates; 
carbon substrates; and substrates having one or more 
film layers formed thereon. The material, thickness, 
15 mechanical strength, and the like of the substrate 
are not particularly limited unless they are 
inconvenient for the formation of the structure of 
the present invention. The form of the substrate is 
not limited to a flat plate-like form^b^b the 
20 substrate may have a curved surface or^lomewhat 

uneven or stepped surface. The form of the substrate 
is not particularly limited unless it is inconvenient 
for the structure . A flexible substrate made from a 
polyimide resin may also be used. In the case of a 
25 silicon substrate, a P type, N type, high-resistance 
or low-resistance substrate may be used. 

The film forming process for forming a 
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substance under a non-equilibrium condition is 
preferably sputtering . but any film forming process 
for forming a substance under a^ non-equilibrium 
condition^ such as resistance heating deposition or 
5 electron beam deposition (EB deposition)^ may be used. 
Sputtering is preferably carried out in such a state 
that plasma does not substantially, contact with the 
substrate from which the above structure grows. 
As the film forming process^ may be used a 
1J0 simultaneous film forming process in which the first 
material and the second material are formed 
simultaneously or a laminate forming process in which 
several atomic-layers of both materials are formed 
sequentially. 

15 The structure 23 formed as described above has 

columnar members 21 containing the first material as 
the main component and a silicon area 24 containing 
the second material as the main component - and 
surrounding the columnar members. 

20 The columnar members 21 contain^ the first 

material as the main component^ but may contain other 
elements ^such as silicon, oxygen and argon^if 
columnar microstructures are obtained. It is 
desirable that the amount of the main component, for 

25 example, aluminum, is 80 atomic! or more, preferably 
90 atomic! or more^ in terms of the component ratio of 
the columnar member. This amount does not include 
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the amount of oxygen . 

The area 24 surrounding the columnar members 
contains the second material as the main component^ 
but may contain other elements ; such as aluminum, 
5 oxygen and argon^ if columnar microstructures are 
obtained. The amount of the main component (for 
example, the second material) is 80 atomic% or more, 
preferably 90 atomic! or more^ in terms of the ratio 
of components of the area 24. 

10 Step (c) : formation of pores 

The columnar members contained in the above 
structure are selectively removed.. As a result , the 
area 24 having pores remains in the above structure 
to form a porous material 25. 

15 The pores in the silicon porous material have 

an interval 2R of 30 nm or less and a diameter 2r of 
20 nm or less, preferably a diameter 2r of 1 to 15 nm 
and an interval 2R of 5 to 20 nm. The pores have a 
length L of 0.5 nm to several micrometers, preferably 

20 2 to 1,000 nm. 

The solution used for etching is a solution of 
an acid # which dissolves aluminum ^but rarely dissolves 
silicon, such as phosphoric acid, sulfuric acid, 
hydrochloric acid or chromic acid. An alkali^ such as 

25 sodium hydroxide ^may also be used unless it is 

inconvenient for the formation of pores by etching. 
The present invention is not limited by the type of 
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an acid and the type of an alkali. A solution of a 
mixture of several acids or a mixture of several 
alkalis may also be used. Etching conditions^ such as 
solution temperature, concentration and time^may be 
5 suitably selected according to a silicon porous 
material to be manufactured. 

According to the present invention, an oxide is 
riot formed on the whole porous material^ but an oxide 
can be selectively formed near the surface of the 
10 wall of each pore. 

Note that an oxide area can be formed on the 
wall of each pore of the porous material obtained 
through the above steps. 

The following step (d) may be carried out 
15 optionally. 

Step (d) : expansion of pore diameter 

The diameters of the pores can be suitably 
increased by a pore widening treatment, for example, 
immersing the above porous material in a solution of 
20 an acid which dissolves the second material^ such as a 
solution of hydrogen fluoride or a solution of an 
alkali jsuch as sodium hydroxide. Any acid or alkali 
may be used for the solution, *£*?he solution has no 
problem with the widening of the pores. A solution 
25 of a mixture of several acids or a mixture of several 
alkalis may also be used. 

Pore diameter expansion (pore widening) 
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conditions^ such as solution temperature, 
concentration and time^can be suitably selected 
according to the sizes of pores to be formed. 
(4-1) process for producing a Silicon ^brousltyaterial 
5 A process for producing a silicon porous 

material according to the present invention includes 
the step of preparing an aluminum silicon structure^ 
which contains aluminum and silicon, has columnar 
members containing aluminum and a silicon area 

10 surrounding the columnar members, and contains 

silicon in an amount of 20 to 70 atomic! based on the 
total amount of aluminum and silicon, and the step of 
removing the columnar members containing aluminum 
from the aluminum silicon structure. 

15 Preferably, the above process for producing a 

porous material includes (a) the step of preparing 
aluminum and silicon, (b) the step of forming 
aluminum and silicon into an aluminum silicon 
structure ,which has columnar members containing 

20 aluminum and a silicon area surrounding the columnar 
members and which contains silicon in an amount of 20 
to 7 0 atomic! based on the total amount of aluminum 
and silicorij by using a film forming process for 
forming a substance under a non-equilibrium condition, 

25 and (c) the step of forming pores by etching aluminum 
from the aluminum silicon structure. 

The etching is preferably wet etching with an 
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acid or alkali. 

More preferably, the above process for 
producing a porous material includes (a) the step of 
preparing aluminum and silicon, (b) the step of 
forming aluminum and silicon into an aluminum silicon 
structure^ which has columnar members containing 
aluminum and a silicon area surrounding the columnar 
members and which contains silicon in an amount of 20 
to 7 0 atomic% based on the total amount of aluminum 
and silicon jby using a film forming process for 
forming a substance under a non-equilibrium condition, 
(c) the step of forming pores by etching aluminum 
from the aluminum silicon structure, and (d) the step 
of expanding the diameters of the pores . 
15 The step of expanding the pores is preferably 

wet etching with an acid or alkali. 

The film forming process for forming a 
substance under a non-equilibrium condition is 
preferably sputtering. 
20 (4-2) process for producing a germanium porous 
|J\^terial 

A process for producing a germanium porous 
material according to the present invention includes 
the step of preparing an aluminum germanium structure^ 
25 which contains aluminum and germanium, has columnar 
members containing aluminum and a germanium area 
surrounding the columnar members, and contains 
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germanium in an amount of 2 0 to 7 0 atomic! based on 
the total amount of aluminum and germanium, and the 
step of removing the columnar members containing 
aluminum from the aluminum germanium structure . 
5 Preferably, the process for producing a porous 

material includes (a) the step of preparing aluminum 
and germanium, (b) the step of forming aluminum and 
germanium into an aluminum germanium structure ^which 
has columnar members containing aluminum and a 

10 germanium area surrounding the columnar members and 
which contains germanium in an amount of 20 to 70 
atomic! based on the total amount of aluminum and 
germanium^ by using a film forming process for forming 
a substance under a non-equilibrium condition, and 

15 (c) the step of forming pores by etching aluminum 
from the aluminum germanium structure. 

The etching is preferably wet etching with an 
acid or alkali* 

More preferably, the process for producing a 

20 porous material includes (a) the step of preparing 
aluminum and germanium, (b) the step of forming 
aluminum and germanium into an aluminum germanium 
structure^which has columnar members containing 
aluminum and a germanium area surrounding the 

25 columnar members and which contains germanium in an 
amount of 2 0 to 7 0 atomic! based on the total amount 
of aluminum and germanium by using a film forming 
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process for forming a substance under a non- 
equilibrium condition, (c) the step of forming pores 
by etching aluminum from the aluminum germanium 
structure, and (d) the step of expanding the 
5 diameters of the pores. 

The step of expanding the pores is preferably 
wet etching with an acid or alkali. 

The film forming process for forming a 
substance under a non-equilibrium condition is 

10 preferably sputtering. 

(4-3) process for producing a Silicon germanium 
porous J^aterial 

A process for producing a silicon germanium 
porous material according to the present invention 

15 includes the step of preparing an aluminum silicon 

germanium structure^ which contains aluminum, silicon 
and germanium, has columnar members containing 
aluminum and a silicon germanium area surrounding the 
columnar members containing aluminum, and contains 

20 silicon and germanium in a total amount of 20 to 70 
atomic% based on the total amount of aluminum, 
silicon and germanium; and the step of removing the 
columnar members containing aluminum from the 
aluminum silicon germanium structure. 

25 Preferably, the process for producing a porous 

material includes (a) the step of preparing aluminum, 
silicon and germanium, (b) the step of forming 
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aluminum, silicon and germanium into an aluminum 
silicon germanium structure^ which has columnar 
members containing aluminum and a silicon germanium 
area surrounding the columnar members and which 
5 contains silicon and germanium in a total amount of 
20 to 70 atomic! based on the total amount of 
aluminum, silicon and germanium^ by using a film 
forming process for forming a substance under a non- 
equilibrium condition, and (c) the step of forming 
10 pores by etching aluminum from the aluminum silicon 
germanium structure. 

The above etching is preferably wet etching 
with an acid or alkali. 

More preferably, the process for producing a 
15 porous material includes (a) the step of preparing 
aluminum, silicon and germanium, (b) the step of 
forming an aluminum silicon germanium structure^ which 
has columnar members containing aluminum and a 
silicon germanium area surrounding the columnar 
20 members and which contains silicon and germanium in a 
total amount of 20 to 7 0 atomic! based on the total 
amount of aluminum, silicon and germanium jby using a 
film forming process for forming a substance from 
aluminum, silicon and germanium under a non- 
25 equilibrium condition, (c) the step of forming pores 
by etching aluminum from the aluminum silicon 
germanium structure, and (d) the step of expanding 
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the diameters of the pores . 

The step of expanding the pores is preferably 
wet etching with an acid or alkali. 

The above film forming process for forming a 
5 substance under a non-equilibrium condition is 
preferably sputtering. 

The proportion of. the total amount of silicon 
and germanium to the total amount of silicon, 
aluminum and germanium is a value represented by (Si 
10 + Ge)/(Si + Ge + Al) * 100 (where Si is the amount of , 
silicon, Ge is the amount of germanium and Al is the 
amount, of aluminum) . That is, when the total of Si + 
Ge + Al is 100 atomic%, it is the proportion of (Si + 
Ge) 

15 The inventors of the present invention have 

conducted studies on microstructures and have feund * 
the followinq finding. 

Tliyl^iBv they have discovered that there io a 
wii iu whgre aluminum having a columnar structure is 

20 formed in a silicon matrix s wing to ito self- 
formation phenomenon under predetermined conditions 
when silicon is added in forming an aluminum film on 
a substrate by using a film forming process for 
forming a substance under a non-equilibrium condition, 

25 such as sputtering.. Then, the inventors have 
conducted intensive studies based on the above 
finding and have accomplished the present invention. 
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As described above, in the step of forming an 
aluminum silicon structure, the film forming process 
for forming a substance under a non-equilibrium 
condition is used because an aluminum silicon 
5 structure manufactured by the film forming process 
for forming a substance under a non-equilibrium 
condition has &u eutectic structure in which aluminum 
and silicon are metastable and aluminum forms riano- 
structures (aluminum columnar structures) having a 
10 diameter of several nanometers and separates oi^ra j" to 
self-organization phonomcnori > " 

The reason why an aluminum silicon film is 
formed, which FSontains silicon in an amount of 20 to 



which^^c 



70 atomic! based on the total amount of aluminum and 
15 silicosis that aluminum forms columnar nano- 

structures only when the amount of silicon falls 
within the above range. That is, when the amount of 
silicon is nmn 1 1 o»r than 20 atomicl based on the total 
amount of aluminum and silicon, the diameter or size 
2 0 of structures containing aluminum becomes larger than 
20 nm and columnar members containing aluminum are 
not formed* When the amount of silicon is large r 
than 70 atomic% based on the total amount of silicon 
and aluminum, columnar members containing aluminum 
25 cannot be seen through an ordinary electron 
microscope . 

In the aluminum silicon structure, only the 
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columnar members containing aluminum can be 
selectively etched with phosphoric acid, sulfuric 
acid or hydrochloric acid, whereby pores can be 
formed in silicon. The above etching is preferably 
5 wet etching with an acid or alkali. 

In the process for producing a silicon porous 
material according to the present invention, the film 
forming process for forming a substance under a non- 
equilibrium condition is desirably sputtering. By 

10 using sputtering ao the film forming process for 

formin g a substance under a n p n-pgni 1 i br i urn f™rHitinn j 
the ratio of- aluminum to silicon is maintained more 
easily than^^cuum deposition. 

The diameters of the pores (nano-hole) formed 

15 in silicon can be expanded by immersing in a solution^ 
which dissolves silicon or silicon oxide on the 
surface. The step of expanding the pores is 
preferably wet etching with an acid or alkali. 

In the present invention, the columnar members 

20 containing aluminum may also be referred to as 
"aluminum columnar members" . 

The silicon porous material according to the 
present invention is a silicon porous material having 
columnar pores and a silicon area surrounding the 

25 pores, in which the average diameter of the pores is 
0.5 to 20 nm, and the average interval between 
adjacent pores is 30 nm or less. 
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The above average diameter of the pores is 
preferably 0.5 to 15 nm. 

The average interval is preferably 20 nm or 

less. 

5 The present invention^ which has been attained 

by using aluminum as the first material for forming 
the columnar structures and silicon as the second 
material surrounding the columnar structures, has been 
described. The present invention can also be 
10 attained when the above-described material, for 

example, C, SiGe, Ge or a combination thereof^ is used 
as the second material. 
^Jfexamp 1 e 

The following examples are provided to further 
15 illustrate the present invention. 
^Example \}) 



This example is. a silicon porous material 

A 

having pores with an average interval 2R of 8 nm, an 
average diameter 2r of 5 nm and a length L of 200 nm. 

20 As shown in Fig. 4B, an aluminum silicon 

structure^ which contained silicon in an amount of 37 
atomic% based on the total amount of silicon and 
aluminum^ was formed on a glass substrate to a 
thickness of about 200 nm by magnetron sputtering. 

25 Used as a target was a circular aluminum target 

having a diameter of 4 inches (101.6 mm) and six 15 
mm-square silicon chips mounted thereon. As for 



- 49 - 



sputtering conditions, an RF power source was used, 
the flow rate of Ar was 50 seem, the discharge 
pressure was 0.7 Pa and the input power was 1 kW. 
The substrate temperature was room temperature (25°C) 
5 The aluminum target having six silicon chips 

mounted thereon was used as the target^ but the number 
of silicon chips is not limited to six and may be 
changed by sputtering conditions ^ so - JajL ^ks the 
aluminum silicon structure has a silicon content of 

10 about 37 atomic%. The target is. not limited to an 

aluminum target having silicon chips mounted thereon^ 
blrt^ llay be a silicon target having aluminum chips 
mounted thereon or a target obtained by sintering 
silicon and aluminum. 

15 The aluminum silicon structure was observed 

through FE-SEM (field emission scanning electron 
microscope) . When soon obliquedbyyjf r6m above the 
substrate, the form of the surface of the structure 
was such that the circular columnar members 

20 containing aluminum and surrounded by a silicon area 
were arranged two-dimensionally as shown in Fig. 4B. 
The columnar members containing aluminum had a 
diameter of 5 nm and an average interval between the 
centers of 8 nm. When the sections of the columnar 

25 members were observed through FE-SEM, the columnar 
members had a length of 200 nm and the columnar 
members containing aluminum were independent from one 
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another. 

The aluminum silicon structure containing 
silicon in an amount of 37 atomic% based on the total 
amount of silicon and aluminum was immersed in a 98% 
5 solution of concentrated sulfuric acid for 24 hours^ 
and only the aluminum columnar structure portions 
were selectively etched to form pores. As a result, 
a silicon porous material was manufactured. 

The aluminum silicon' structure (silicon porous 

10 material) etched with concentrated sulfuric acid was 
observed through FE-SEM (field emission scanning 
electron microscope) . When coon o bliquerbj^ from above 
the substrate, the form of the surface of the 
structure was such that pores 32 surrounded by an. 

15 area 33 were arranged two-dimensionally ? as shown in 
Fig. 6. The pores had a diameter 2r of 5 nm and an 
average interval 2R of about 8 nm. When the sections 
of the pores were observed through FE-SEM, the pores 
had a length of 200 nm. The pores were separated 

20 from one another by silicon and^independent . A film 
was not formed between the pores and the substrate 
and^not observed^ SH?*d the pores and the substrate 
were directly connected to one another. 

When the manufactured specimen was measured by 

25 an X-ray diffraction method, silicon was amorphous. 
The amount of silicon in the silicon area was about 
90 atomic% based on the total amount of silicon and 
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aluminum. 

Silicon was used as the second material in this 

example^ but the above process can be applied when 

carbon is used as the second material. 

5 ^Example 2^ . 

90 

This example is^a silicon porous material 
having pores with an average interval 2R of 7 nm, an: 
average diameter 2r of 5 nm and a length L of 200 nm. 
As shown in Fig. 4B, an aluminum silicon 

10 structure ^which contained silicon in an amount of 45 
atomic! based on the total amount of silicon and 
aluminum^ was formed on a glass substrate to a 
thickness of about 200 nm by magnetron sputtering. 
Used as a target was a circular aluminum target 

15 having a diameter of 4 inches (101.6 mm) and eight 15 
mm-square silicon chips mounted thereon. As for 
sputtering conditions, an RF power source was used, 
the flow rate of Ar was 50 seem, the discharge 
pressure was 0.7 Pa and the input power was 1 kW. 

20 The substrate temperature was room temperature. 

The aluminum target having eight silicon chips 
mounted thereon was used as the target^ but the number 
of silicon chips is not limited to eight and may be 
changed by sputtering conditions ^ so as the 

25 aluminum silicon structure has a silicon content of 
about 45 atomic%. The target is not' limited to an 
aluminum target having silicon chips mounted thereon^ 
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«tewt may be a silicon target having aluminum chips 
mounted thereon or a target obtained by sintering 
silicon' and aluminum. 

The aluminum silicon structure was observed 
5 through FE-SEM (field emission scanning electron 
microscope) . When seen obliquely from above the 
substrate, the form of the surface of the structure 
was such that circular aluminum columnar structures t 
surrounded by a silicon area were arranged two- 

10 dimenjfionally^as shown in Fig. 4B. The aluminum 
portions had an average diameter of 3 nm and an 
average interval of about 7 nm. When the sections of 
the columnar structure portions were observed through 
FE-SEM, the columnar structure portions had a length 

15 of 200 nm^and the columnar structure portions 

containing aluminum were independent from one another. 

The aluminum silicon structure containing 
silicon in an amount of 4 5 atomic! based on the total 
amount of silicon and aluminum was immersed in a 98% 

20 solution of concentrated sulfuric acid for 24 hour^ 
and only the aluminum columnar structure portions 
were selectively etched to form pores.. As a result, 
a silicon porous material was manufactured. 

The silicon porous material thus manufactured 

25 was observed through FE-SEM (field emission scanning 
electron microscope) . When sooh oblique-i-y M f rom above 
the substrate, the form of the surface of the 
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. structure was such that ^ores surrounded by silicon 
were arranged two-dimen/ionally^ as shown in Fig. 4C. 
The pore portions had an average diameter of about 3 
nm and an average interval of about 7 nm. When the 
5 sections of the pores were observed through FE-SEM, 
the pores each had a length of 200 nm. The pores 
were independent from one another. 

To expand the diameter of each pore, the 
silicon porous material was immersed in a 1 mol/1 
10 sodium hydroxide solution maintained at 25°C for 30 
minutes . 

The silicon porous material in which the 
diameter of each pore had been expanded was observed 
through FE-SEM (field emission scanning electron 

15 microscope) . When - co or ? oblique*^ from above the 

substrate, the form of the surface of the structure 
was such that pores 32 surrounded by a silicon area 
33 were arranged two-dimen^ionallyy as shown in Fig. 6. 
The pores had a diameter 2r of 5 nm and an average 

20 interval 2R of 7 nm. When the sections of the pores 
were observed through FE-SEM, the pores had a length 
of 200 nm. The pores were separated from one another 
by silicon andyj independent . A film was not formed 
between the pores and the substrate, and the pores 

25 and the substrate were directly connected to one 
another. 

When the manufactured specimen was measured by 
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the X-ray diffraction method, a peak showing the 
crystallinity of silicon could not be observed^ and 
silicon was amorphous. The amount of silicon in the 
silicon area was about 90 atomic% based on the total 

Zount of aluminum and silicon, 
xample 3^ 



This example is. a silicon porous material 
having pores with an average interval 2R of 8 nm, an 
average diameter 2r of 5 nm and a length L of 10 nm. 
10 As shown in Fig. 4B, an aluminum silicon 

structure | which contained silicon in an amount of 37 
atomic?; based on the total amount of silicon and 
aluminum, was formed on a glass substrate to a 
thickness of about 10 nm by magnetron sputtering. 
15 Used as a target was a circular aluminum target 

having a diameter of 4 inches (101.6 mm) and six 15 
mm-square silicon chips mounted thereon. As for 
sputtering conditions, an RF power source was used, 
the flow rate of Ar was 50 seem, the discharge 
20 pressure was 0.7 Pa and the input power was 1 kW. 
The substrate temperature was room temperature. . 

The aluminum target having six silicon chips 
mounted thereon was used as the target^ but the number 
of silicon chips is not limited to six and may be 
25 changed by sputtering conditions ^so -fair as the 

aluminum silicon structure has a silicon content of 
about 37 atomic!. The target is not limited to an 
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aluminum target having silicon chips mounted thereon^/ 

'« bu£ may be a silicon target having aluminum chips 

mounted thereon or a target obtained by sintering 

silicon and aluminum. 

5 The aluminum silicon structure was observed 

through FE-SEM (field emissibn scanning electron 

microscope). When seeir obi iqueiy^ from above the 

substrate, the form of the . surface of the structure 

was such that circular columnar members containing 

10 aluminum and surrounded by a silicon area were 

5 

arranged two-dimen^ionally^ as shown in Fig . 4B. The 
columnar members containing aluminum had a diameter 
of 5 nm and an average interval between the centers 
of 8 nm. When the sections of the columnar members 

15 were observed through FE-SEM, the columnar members 
each had a length of 10 nm ) and the columnar members 
containing aluminum were independent from one another. 

The aluminum silicon structure containing 
silicon in an amount of 37 atomic% based on the total 

20 amount of silicon and aluminum was immersed in a 98% 
solution of concentrated sulfuric acid for 1 hour and 
only the aluminum columnar structure portions were 
selectively etched to form pores. As a result, a 
silicon porous material was manufactured. 

25 The aluminum silicon structure (silicon porous 

material) etched with concentrated sulfuric acid was 
observed through FE-SEM (field emission scanning 





electron microscope) . When ocair oblique+yy|f 



om above 



the substrate, the form of the surface of the 



structure was such that pores 32 surrounded by a 



shown in Fig. 6. The pores had a diameter of 5 nm 
and an average interval of about 8 nm. When the 
sections of the pores were observed through FE-SEM, 
the pores had a length of 10 nm. The pores were 
separated from one another by the silicon area and 
independent. A film was not formed between the pores 
and the substrate, and the pores and the substrate 
were directly connected to one another. 

When the manufactured specimen was measured by 
the X-ray diffraction method, a peak showing the 
v crystallinity of silicon could not be observed and 
silicon was amorphous. The amount of silicon in the 
silicon area was about 90 atomic% based on the total 
amount of silicon and aluminum. 

As shown in the above examples, according to 
the present invention, a silicon porous material 
having pores with an average diameter of 20 nm or 
less and an average interval of 30 nm or less and 
separated from one another by a silicon area can be 
formed by forming an aluminum silicon structure^ which 
has columnar members containing aluminum and a 
silicon area surrounding the columnar members and 
which contains silicon in an amount of 20 to 70 



silicon area 33 were a 




as 
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atomic% based on the total amount of silicon and 
aluminum ^by. using a film forming process for forming 
a substance under a non-equilibrium condition and by 
selectively etching only the columnar members 
5 containing aluminum from the aluminum silicon 
structure. 

By adjusting the amount of silicon based on the 
total amount of aluminum and silicon, the size of 
each pore and the interval between adjacent pores can 
10 be controlled; and a silicon porous material having 
pores perpendicular or almost perpendicular to the 
substrate and arranged in a large area can be 
manufactured . 



^Example $f a 



15 This example is^a 1 germanium porous material 

having pores with an average interval 2R of 15 nm, an 
average diameter 2r of 10 nm and a length L of 200 nm. 

As shown in Fig. 4B, an aluminum germanium 
structure jWhich contained germanium in an amount of 
20 37 atomic% based on the total amount of silicon and 
germanium ^was formed on a glass substrate to a 
thickness of about 2 00 nm by magnetron sputtering. 
Used as a target was a circular aluminum target 
having a diameter of 4 inches (101.6 mm) and four 15 
25 mm-square silicon chips mounted thereon. As for 

sputtering conditions, an RF power source was used, 
the flow rate of Ar was 50 seem, the discharge 
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pressure was 0.7 Pa and the input power was 300 W. 
The substrate temperature was room temperature (25°C) 

The aluminum target having four germanium chips 
mounted thereon was used as the target^ but the number 
5 of germanium chips is not limited to four and may be 
changed by sputtering conditions so -iJrel^as the 
aluminum germanium structure has a germanium content 
of about 37 atomic%. The target is not limited to an 
aluminum target having germanium chips mounted 

10 thereon^b«t may be a germanium target having aluminum 
chips mounted thereon or a target obtained by 
sintering germanium and aluminum powders. 

The aluminum germanium structure was observed 
through FE-SEM (field emission scanning electron 

15 microscope) . When -aaan obliquely ffom above the 

substrate, the form of the surface of the structure 
was such that columnar members containing aluminum, 
which is substantially circular in^cros^)ection and 



surrounded by a silicon area were arranged two- 



dimenj^ionally ^as shown in Fig. 4B. The columnar 
members containing aluminum had a diameter of 10 nm 
and an average interval between the centers of 15 nm. 
When the sections of the columnar, members were 
observed through FE-SEM, the columnar members had a 
25 length of 200 nm^and the columnar members containing 
aluminum were independent from one another. 

The aluminum germanium structure containing 
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germanium in an amount of 37 atomic% based on the 
total amount of aluminum and germanium was immersed 
in a 98% solution of concentrated sulfuric acid for 
24 hours j and only the aluminum columnar structure 
5 portions were selectively etched to form pores* As a 
result, a germanium porous material was manufactured. 

The aluminum germanium structure (germanium 
porous material) etched with concentrated sulfuric 
acid was observed through FE-SEM (field emission 

10 scanning electron microscope) . When seoft obliquely 6tft4l 
from above the substrate, the form of the surface of 
the structure was such that pores 32 surrounded by a 
germanium area 33 were arranged two-dimen^ionall^ as 
shown in Fig. 6. The pores had a diameter 2r of 10 

15 nm and an average interval 2R of about 15 nm. When 
the sections of the pores were observed through FE- 
SEM, the pores had a length of 2 00 nm. The pores 
were separated from one another by germanium and 
independent . 

20 When the manufactured specimen was measured by 

the X-ray diffraction method, germanium was amorphous. 
The amount of germanium in the germanium area was 
about 90 atomic% based on the total amount of 
germanium and aluminum. 



25 



germanium and aluminum, 
j^xample sjf ^ 



This example ^ s ^ a germanium porous material 
having pores with an average interval 2R of 15 nm, an 
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average diameter 2r of 12 nm and a length L of 200 nm. 

As shown in Fig. 4B, an aluminum germanium 
structure^ which contained germanium in an amount of 
37 atomic! based on the total amount of aluminum and 
5 germanium y was formed on a glass substrate to a 

thickness of about 200 nm by magnetron sputtering. 
Used as a target was a circular aluminum target 
having a diameter of 4 inches (101.6 mm) and four 15 
mm-square germanium chips mounted thereon. As for 

10 sputtering conditions, an RF power source was used, 
the flow rate of Ar was 50 seem, the discharge 
pressure was 0.7 Pa and the input power was 300 W. 
The substrate temperature was room temperature. 

The aluminum target having four germanium chips 

15 mounted thereon was used as the target ^ but the number 
of germanium chips is not limited to four and may be 
changed by sputtering conditions jso as the 

aluminum germanium structure has a germanium content 
of about 37 atomic% . The target is not limited to an 

20 aluminum ta:r^et having germanium chips mounted 

thereon jap' may be a germanium target having aluminum 

chips mounted thereon or a target obtained by 
sintering germanium and aluminum. 

The aluminum germanium structure was observed 
25 through FE-SEM (field emission scanning electron 
microscope) . When coo n obliqueiy^ f rom above the 
substrate, the form of the surface of the structure 
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was such that circular aluminum columnar structures 
surrounded by a germanium area were arranged two- . 
dimeiy£ionally f as shown in Fig. 4B. The aluminum 
portions had an average diameter of about 10 nm and 
5 an average interval of about 15 nm. When the 

sections of the columnar structure portions were 
observed through FE-SEM, the columnar structure 
portions had a length of 200^ nm and the columnar 
structure portions containing aluminum were 

10 independent from one another. 

The aluminum germanium structure containing 
germanium in an amount of 37 atomic! based on the 
total amount of aluminum and germanium was immersed 
in a 98% solution of concentrated sulfuric acid for 

15 24 hours f and only the aluminum columnar structure 

portions were selectively etched to form pores. As a 
result, a germanium porous material was manufactured. 

The germanium porous material thus manufactured 
was observed through FE-SEM (field emission scanning 

20 electron microscope) . When coon obliquejry^ from above 
the substrate, the form of the surface of the 
structure was such that pores surrounded by germanium 
were arranged two-dimen/ionally^as shown in Fig. 4C. 
The pore portions had an average diameter of about 10 

25 nm and an average interval of about 15 nm. When the 
sections of the pores were observed through FE-SEM, 
the pores had a length of 200 nm. The pores were 
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independent from one another. 

To expand the diameter of each pore, the 
germanium porous material was immersed in a sodium 
hydroxide solution having a concentration of 1 mol/1 
5 and maintained at 25°C for 15 minutes. 

The germanium porous material in which the 
diameter of each pore had been expanded was observed 
through FE-SEM (field emission scanning electron 
microscope) . When soeft obi ique-fcy^ from above the 

10 substrate, the form of the surface of the structure 

was such that pores 32 surrounded by a germanium area 
33 were arranged two-diraen/ionally^ as shown in Fig. 6 
The pores had a diameter 2r of 12 nm and an average 
interval 2R of 15 nm. When the sections of the pores 

15 were observed through FE-SEM, the pores had a length 
of 200 nm. The pores were separated from one another 
by germanium and^independent . 

When the manufactured specimen was measured by 
the X-ray diffraction method, a peak showing the 

20 crystallinity of germanium could not be observed and 
germanium was amorphous . The amount of germanium in 
the germanium area was about 90 atomic% based on the 
total amount of aluminum and germanium, 
jfexample 6^ ^j^ 

25 This example isyj a . germanium porous material 

having pores with an average interval 2R of 15 nm, an 
average diameter 2r of 10 nm and a length L of 10 nm. 
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As shown in Fig. 4B, an aluminum germanium 
structure^ which contained germaniiim in an amount of 
30 atomic% based on the total amount of aluminum and 
germanium^ was formed on a glass substrate to a 

.5 thickness of about 10 nm by magnetron sputtering. 
Used as a target was a circular aluminum target 
having a diameter of 4 inches (101.6 mm) and three 15 
mm-square germanium chips mounted thereon. As for 
sputtering conditions, an RF power source was used, 

10 the flow rate of Ar was 50 seem, the discharge 

pressure was 0.7 Pa and the input power was 300 W. 
The substrate temperature was room temperature. 

The aluminum target having three germanium 
chips mounted thereon was used as the target|but the 

15 number of germanium chips is not limited to. three and 



may be changed by sputtering conditions^ so as the 

aluminum germanium structure has a germanium content 

of about 30 atomic%. The target is not limited to an 

aluminum target having germanium chips mounted 

20 thereon but^may be a germanium target having aluminum 

chips mounted thereon or a target obtained by 

sintering germanium and aluminum. 

The aluminum germanium structure was observed 

through FE-SEM (field emission scanning electron 

25 microscope). When ^s^eja obliqueiy. f rom above the 

A 

substrate, the form of the surface of the structure 
was such that circular columnar members containing 
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nm and an average interval between the centers of 15 
5 nm. When the sections of the columnar structure 



structure portions had a length of 10 nm^and the 
columnar structure portions containing aluminum were 
independent from one another. 



germanium in an amount of 30 atomic% based on the 
total amount of aluminum arid germanium was immersed 
in a 98% solution of concentrated sulfuric acid for 
12 hours and only the aluminum columnar structure 
15 portions were selectively etched to form pores. As a 
result, a germanium porous material was manufactured. 

The aluminum germanium structure (germanium 
porous material ) etched with phosphoric acid was 
observed through FE-SEM (field emission scanning 



20 electron microscope) . When j^q&jq. oblique^^ fjfom above 
the substrate, the form of the surface of the 
structure was such that pores 32 surrounded by a 
germanium area 33 were arranged two-dimenj?jLonallyj as 
shown in Fig. 6. The pores had a diameter 2r of 12 

25 nm and an average interval 2R of about 15 nm. When 
the sections of the pores were observed through FE- 
SEM, the pores had a length of 10 nm. The pores were 



portions were observed through FE-SEM, the columnar 



10 



The aluminum germanium structure containing 
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separated from one another by the germanium area and M (AJL^ 
independent . 

When the manufactured specimen was measured by . 
the X-ray diffraction method, germanium was amorphous. 
5 The amount of germanium in the germanium area was 
about 90 atomic% based on the total amount of 
.aluminum and germanium. 

As shown in the above examples, according to 
the present invention, a germanium porous material 

10 having pores with an average diameter of 20 nm or 
less and an average interval of 30 nm or less and 
separated from one another by a germanium area can be 
formed by forming an aluminum germanium structure j 
which has columnar members containing aluminum and a 

15 germanium area surrounding the columnar members and 
which contains germanium in an amount of 20 to 70 
atomic^ based on the total amount of germanium and 
aluminum by using a film forming process for forming 
a substance under a non-equilibrium condition and by 

20 selectively etching only the columnar members 

containing aluminum from the aluminum germanium 
structure. 

By adjusting the amount of germanium based on 
the total *cftribunt of aluminum and germanium, the size 
25 of each pore and the interval between adjacent pores 
can be controlled and a germanium porous material 
having pores perpendicular or almost perpendicular to 
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the substrate and arranged in a large area can be 

manufactured . 

^Example lj/ *4 

This example is^a silicon germanium porous . 
5 material having pores with an average interval 2R of 
10 nm, an average diameter 2r of 7 nm and a length L 
of 200 nm. 

As shown in Fig. 4B, an aluminum silicon 
germanium structure^ which contained silicon and 

10 . germanium in a gross amount of 38 atomic! based on 

the total amount of aluminum, silicon, and germanium^ 
was formed on a glass substrate to a thickness of 
about 200 nm by magnetron sputtering. Used as a 
target was a circular aluminum target having a 

15 diameter of 4 inches (101.6 mm) and two 15 mm-square 
germanium chips and two 15 mm-square silicon chips 
mounted thereon. As for sputteiring conditions, an RF 
power source was used, the flow rate of Ar was 50 
seem, the discharge pressure was 0.7 Pa and the input 

20 power was 300 W. The substrate temperature was room 
temperature (25°C) . 

The aluminum target having two silicon chips 
and two germanium chips mounted thereon was used as 
the target^ but the number of silicon chips and 

25 germanium chips is not limited thereto and may be 
changed by sputtering conditions^ so as the 

aluminum silicon germanium structure has a silicon 
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germanium content of about 38 atomic! . The target is 
not limited to an aluminum target having silicon 
chips and germanium chips mounted thereon ^^^Hnay be 
a silicon target having germanium chips and aluminum 
chips mounted thereon, a germanium target having 

silicon chips and aluminum chips mounted thereon, or 

i 

a target obtained by sintering silicon, germanium, 
and aluminum powders. 

The aluminum silicon germanium structure was 
observed through FE-SEM (field emission scanning 
electron microscope) . When coon oblique*-^ from above 
the substrate, the form of the surface of the 
structure was such that columnar members containing 
aluminum^ which i-e substantially circular 4** cross- 
15 section and ^surrounded by a silicon germanium area ? 
were arranged two-dimen/lonally^as shown in Fig. 4B. 
The columnar members containing aluminum had a 
diameter of 7 nm and an average interval between the 
centers of 10 nm. When the sections of the columnar 
20 members were observed through FE-SEM, the columnar 
members had a length of 200 nm and the columnar 
members containing aluminum were independent from one 
another. 

The aluminum silicon germanium structure 
25 containing silicon and germanium in a gross amount of 
38 atomic? based on the total amount of aluminum, 
silicon, and germanium was immersed in a 98% solution 
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of concentrated sulfuric acid for 24 hours and only 

the aluminum columnar structure portions were 

selectively, etched to form pores. As a result, a 

silicon germanium porous material was manufactured. 

5 The aluminum silicon germanium structure 

(silicon germanium porous material) etched with 

concentrated sulfuric acid was observed through FE- 

SEM (field emission scanning electron microscope) . 

When swn oblique-by .f rom above the substrate, the 

n 

10 form of the surface of the structure was such that 
pores 32 surrounded by a silicon germanium area 33 
were arranged two-dimen^Lonally ^as shown in Fig. 6. 
The pores had a diameter 2r of 7 nm and an average 
interval 2R of about 10 nm. When the sections of the 

15 pores were observed through FE-SEM, the pores had a 
length of 200 nm. The pores were separated from one 
another by a mixture of silicon and germanium and*^ 
independent . 

When the manufactured specimen was measured by 
20 the X-ray diffraction method, silicon germanium 
(mixture member of silicon and germanium) was 
amorphous. The gross amount of silicon germanium, in 
the silicon germanium area was about 90 atomic! based 
on the total amount of silicon, germanium, and 
25 aluminum. 



^Example ' ^jj 



This example ^ s j^ a silicon germanium porous 
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material having pores with an average interval 2R of 
10 nm, an average diameter 2r of 8 nm and a length L 
of 10 nm. 

As shown in Fig. 4B, an aluminum silicon 
5 germanium structure^ which contained silicon and 

germanium in a gross amount of 38 atomic! based on 
the total amount of aluminum, silicon, and germanium^ 
was formed on a glass substrate to a thickness of 
about 200 nm by magnetron sputtering. Used as a 

10 target was a circular aluminum target having a 

diameter of 4 inches (101.6 mm) and two 15 mm-square 
silicon chips. and two 15 mm-square germanium chips 
mounted thereon. As for sputtering conditions, an RF 
power source was used, the flow rate of Ar was 50 

15 seem, the discharge pressure was 0.7 Pa and the input 
power was 300 W. The substrate temperature was room 
temperature. 

The aluminum target having two silicon chips 
and two germanium chips mounted thereon was used as 



20 



the target^ but the number of silicon chips and 
germanium chips is not limited thereto and may be 
changed by sputtering conditions ^so f«erf as the 
aluminum silicon germanium structure has a silicon 
germanium content of about 38 atomic % . 
25 The target is not limited to an aluminum target 

having silicon chips and germanium chips mounted 
thereon^iw^t may be a silicon target having germanium 
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chips and aluminum chips mounted thereon, a germanium 
target having silicon chips and aluminum chips 
mounted thereon, or a target obtained by sintering 
silicon, germanium, and aluminum powders. 
5 The aluminum silicon germanium structure was 

observed through FE-SEM (field emission scanning 
electron microscope). When s^w* obi iquerty^ from above 
the substrate, the form of the surface of the 
structure was such that circular aluminum columnar 

10 structures surrounded by a silicon germanium area 

were arranged two-dimenAonally^ as shown, in Fig. 4B. 
The aluminum portions had an average diameter of 7 nm 
and an average interval between the centers of 10 nm. 
When the sections of the columnar members were 

15 observed through FE-SEM, the columnar members had a 
length of 200 nm and the columnar members containing 
aluminum were independent from one another. 

The aluminum silicon germanium. structure 
containing silicon and germanium in a gross amount of 

20 38 atomic% based on the total amount of aluminum, 

silicon, and germanium was immersed in a 98% solution 
of concentrated sulfuric acid for 24 hours^ and only 
the aluminum columnar structure portions were 
selectively etched to form pores. As a result, a 

25 silicon germanium porous material was manufactured. 

The silicon germanium porous material thus 
manufactured was observed through FE-SEM (field 
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emission scanning electron microscope). When »e«r ^Ix^tdO^C^^ 

oblique-lr^f rom above the substrate, the form of the 

surface of the structure was such that pores 

surrounded by silicon germanium were arranged two- 
S 

5 dimensional ly j as shown in Fig. 4C. The pore portions 
had an average diameter of about 7 nm and an average 
interval of about 10 nm. When the sections of the 
pores were observed through FE-SEM, the pores had a 
length of 200 nm. The pores were independent from 

10 one another. 

To expand the diameter of each pore, the 
silicon porous material was immersed in a sodium 
hydroxide solution having a concentration of 1 mol/1 
and maintained at 25°C for 10 minutes. 

15 The silicon germanium porous material in which 

the diameter of each pore had been expanded was 
observed through FE-SEM (field emission scanning 
electron microscope) . When ^pp>n oblique*-^ from above 
the substrate, the form of the surface of the 

20 structure was such that pores 32 surrounded by a 
silicon germanium area 33 were arranged two- 
dimerv^ionally^as shown in Fig. 6. The pores had a 
diameter 2r of 8 nm and an average interval 2R of 10 
nm. When the sections of the pores were observed 

25 through. FE-SEM, the pores had a length of 200 nm. 

The pores were ^^parated from one another by silicon 
germanium and | independent . 

r 



- 72 - 



When the manufactured specimen was measured by 
the X-ray diffraction method, silicon germanium 
(mixture member of silicon and germanium) was 
amorphous. The gross amount of silicon and germanium 
5 in the silicon germanium area was about 90 atomic% 
based on the total amount of silicon, germanium, and 
aluminum. 



aluminum. 
y^Example 9J^ 



4 



This example is^a silicon germanium porous 
10 material having pores with an average interval 2R of 
8 nm, an average diameter 2r of 6 nm and a length L 
of 10 nm. 

As shown in Fig. 4B, an aluminum silicon 
germanium structure^ which contained silicon and 

15 germanium in a gross amount of 33 atomic% based on 

the total amount of aluminum, silicon, and germanium^ 
was formed on a glass substrate to a thickness of 
about 10 nm by magnetron sputtering. Used as a 
target was a circular aluminum target having a 

20 diameter of 4 inches (101.6 mm) and three 15 mm- 

square silicon chips and one 15 mm-square germanium 
chip mounted thereon. As for sputtering conditions, 
an RF power source was used, the flow rate of Ar was 
50 seem, the discharge pressure was 0.7 Pa and the 

25 input power was 300 W. The substrate temperature was 
room temperature. 

The aluminum target having three silicon chips 
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and one germanium chip^ mounted thereon was used as 
.. the target but the number of silicon chips and 
germanium chips is not limited thereto and may be 
changed by sputtering conditions so far as the 
5 aluminum silicon germanium structure has a silicon 
germanium content of about 33 atomic% in film 
formation. 

The target is not limited to an aluminum target 
having silicon chips and germanium chips mounted 

10 thereon^but may be a silicon target having germanium 
chips and aluminum chips mounted thereon, a germanium 
target having silicon chips and aluminum chips, 
mounted thereon, or a target obtained by sintering 
silicon, germanium,., and aluminum powders. 

15 The aluminum silicon germanium structure was 

observed through FE-SEM (field emission scanning 
electron microscope) . When coon obliquei^r rom above 
the substrate, the form of the surface of the 
structure was such that circular columnar members 

20 containing aluminum and surrounded by a silicon 

germanium area were arranged two-dimen^ionallyj as 
shown in Fig. 4B. The aluminum nano-structure 
portion had a diameter of 6 nm and an average 
interval between the centers of 10 nm. When the 

25 sections of the columnar members were observed 

through FE-SEM, the columnar members had a length of 
200 nm and the aluminum columnar structure portions 
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were independent from one another. 

The aluminum silicon germanium structure 
containing silicon and germanium in a gross amount of 
33 atomic% based on the total amount of aluminum, 
5 silicon, and germanium was immersed in a 98% solution 
of concentrated sulfuric acid for 1 hour^ and only the 
aluminum columnar structure portions were selectively 
etched to form pores. As a result, a silicon 
germanium porous material was manufactured. 

10 The aluminum silicon germanium structure 

(silicon germanium porous material) etched with 
concentrated sulfuric acid was observed through FE- 
SEM (field emission scanning electron microscope).. 
When seen obliquely from above the substrate, the 

15 form of the surface of the structure was such that 
pores 32 surrounded by a silicon germanium area 33 
were arranged two-dimensional ly^ as shown in Fig. 6. 
The pores had a diameter of 6 nm and an average 
interval of about 8 nm. When the sections of the 

20 pores were observed through FE-SEM, the pores had a 
length of 10 nm. The pores were separated from one 
another by the silicon germanium area and^ independent . 

When the manufactured specimen was measured by 
the X-ray diffraction method, silicon germanium was 

25 amorphous. The gross amount of silicon and germanium 
in the silicon germanium area was about 90 atomic! 
based on the total amount of silicon, germanium, and 
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aluminum.. 

As shown in the above examples, according to 
the present invention, a silicon germanium porous 
material having pores with an average diameter of 20 
5 nm or less and an average interval of 30 nm or less 
and separated from one another by a silicon germanium 
area can be formed by forming an aluminum silicon 
germanium structure which has columnar members 
containing aluminum and a silicon germanium area 
10 surrounding the columnar members and which contains 
silicon and germanium in a gross amount of 20 to 70 
atomic% based on the total amount of aluminum, 
silicon, and germanium^ by using a film forming 
process for forming a substance under a non- 
15 equilibrium condition and by selectively etching only 
the columnar members containing aluminum from the 
aluminum silicon germanium structure. 

By adjusting the amount of silicon germanium 
based oh the total amount of aluminum, silicon, and 
20 germanium, the size of each pore and the interval 
between adjacent pores can be controlled ^and a 
silicon germanium porous material haying pores 
perpendicular or almost perpendicular to the 
substrate and arranged in a large area can be 
25 manufactured. 

The present invention makes it possible to 
apply pores contained in silicon, germanium and 
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silicon germanium in various forms, thereby greatly 

expanding their applicable uses. For example, the 

silicon, germanium and silicon germanium porous 

bodies of the present invention can be used as a 

I Mi 

functional material for oixsih . lighi^^mitting 
devices, optical devices and microdevices . They can 
also.be used as a base material or mold for novel 
nano-structures. Further, they can also be used as a 
filter or etching mask. 

/ y 

/Effect of the Invention/ 

As described above, according to the present 
invention, there can be provided a novel porous 
material and a production process thereof. 
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WHATXIS CLAIMED IS: 

A porous material comprising a plurality of 
columnaj\ pores and an area surrounding the pores, the 
area beiria an amorphous area containing C, Si, Ge or 
a combination thereof . 

2. A porous material according to claim 1, 
wherein the columnar pores are substantially 
unbranched . 

3. A porous i^aterial according to claim 1, 
wherein the average Vnterval between the centers of 
adjacent pores is 30 Jpr* or less 



15 4. A porous material according to claim 1, 

wherein the average diameter of the columnar pores is 
20 nm or less, 

5. A porous material according to claim 1, 
20 wherein the plurality of pores h\ve substantially the 
same depth direction. 



25 



6. A porous material according 
wherein the area contains aluminum. 



:o claim 1, 



7 . A porous material according to anyvone of 
claims 1 to 6, wherein the porous material informed 
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on aksiibstrate and the depth directions of the 
columnar pores are substantially perpendicular to the 
substrate . 



10 



8. A porous material obtained by removing . a 
first material from a structure comprising the first, 
material and aVsecond material, wherein the structure 
has columnar menvbers containing the first material 
and surrounded bA an amorphous area containing the 
second material ana, contains the second material in 
an amount of 20 to 7)9 atomic% based on the total . 
amount of the first material and the second material. 



9. A porous materiaY according to claim 8, 

15 wherein the first material\is aluminum. 

\ r 

10. A porous material according to claim 8, 
wherein the second material is \>i, Ge, SiGe, C or a 
combination thereof. 



20 



11. A porous material according to claim 8, 
wherein the average interval between \he centers* of 
adjacent pores is 30 nm or less. 



25 12. A porous material according to cJSaim 8, 

wherein the diameter of the columnar pores i\ 20 nm 
or less. 
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rQ . A process for producing a porous material 
comprising the steps of : 

tring a structure which comprises a first 
material ana a second material and has columnar 
members containing the first material and surrounded 
by an area containing the second material; and 

removing tf\e columnar members from the 
structure. 



10 



15 



14. A process ftor producing a porous material 
according to claim 13,\wherein the structure contains 
the second material in am amount of 20 to 70 atomic% 
based on the total amount\of the first material and 
the second material. 

15. A process for producing a porous material 
according to claim 14 , wherein ^Jie first material 
contains aluminum. 



20 16. A process for producing a porous material 

according to claim 14, wherein the secVnd material 
contains C, Si, Ge, SiGe or a combination thereof. 



17. A process for producing a porous material 
25 according to claim 13, wherein the structure\is 

formed by using a process for forming a film ufcder a 
non-equilibrium condition. 



- 80 - 



v8 . A process for producing a porous material . 
according to claim 13, wherein the removing step is 
wet etchJVig with an acid or alkali, 

19. A\process for producing a porous material 
according to\claim 13, further comprising after the 
removing step the . step of expanding the diameters of 
pores formed byYthe removing step. 



10 20. . A process for producing a porous material 

according to any ohk of claims 13 to 19, wherein the 
columnar members havdv a diameter of 20 nm or less and 
ah average interval between their centers of 30 nm or 
less . 

15 

21. A process for producing a porous material 
comprising the steps of: 

preparing a structure wh\ch comprises aluminum 
and silicon, has columnar members containing aluminum 
20 and a silicon area surrounding trie columnar members, 
and contains silicon in an amount Vf 20 to 70 atomic% 
based on the total amount of alumimk and silicon; 
and 

removing the columnar members fro^ the 
25 structure. 



22 



process for producing a porous material 



according to claim 21, wherein the silicon area 
contains oermanium.. 

23. A filter comprising the porous material 
claim 1 or 8 



24. A mask material comprising the porous 
material of claim 1 or 8. 
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ABSTRACT OF THE DISCLOSURE 

. There are provided a porous material and a 
process for producing the same* The porous material 
has a plurality of columnar pores and an area 
5 surrounding the pores, and the area is an amorphous 
area containing C, Si, Ge or a combination thereof. 



